Abstract. This paper studies on the problem that the unreasonable choice of clustered routing protocol cluster head of energy heterogeneous WSN and the overload of some cluster head node which are far away from the base station in remote communication. And an improved clustering routing protocol based on energy and density for heterogeneous wireless sensor networks is proposed. Firstly, the optimal number of cluster head is got according to the network energy consumption model, and the node density factor is modified. Then, the new threshold is established by considering the residual energy of the node, the node density and the distance from the node to the BS. The cluster head communicates with the BS by using a single hop and a hybrid way through a relay node to reduce the cluster head load of the remote base station. Finally, the simulation results based on OMNet++ and Matlab show that the improved protocol has better performance in terms of network lifetime and network energy consumption compared with existing protocols.
Introduction
In the Wireless Sensor Network (WSN), because the sensor node has limited battery energy, may be deployed away from the base station(BS), cannot always replace or charge the battery characteristics [1] .Therefore, the need to design an energy efficient routing protocol to meet the characteristics of WSN to extend the network lifetime. The related research shows that the clustering routing protocol is an effective way to reduce the energy consumption of the nodes and extend the network lifetime [2] . The most typical of which is the LEACH protocol proposed by Heinzelman et.al [3] . The protocol has obvious effect in the homogeneous WSN, but its performance is poor in heterogeneous WSN. In WSN, the phenomenon of energy heterogeneity is ubiquitous [4] .Therefore, many scholars have done a lot of research and improvement on energy heterogeneous WSN. In [5] , according to the design idea of LEACH protocol, the SEP protocol is proposed for the two-level energy heterogeneous network model. The protocol divides the nodes into high energy and low energy nodes. The node sets the CH according to the different thresholds of the initial energy, but it does not take into account the residual energy of the node. In [6] , the DEEC protocol is proposed for the shortcomings of the SEP protocol. In [7] ,it built into a three-level energy heterogeneous WSN based on the addition of additional energy nodes in the DEEC protocol, and proposed EDEEC protocol. In [8] , the addition of ultra-super nodes to construct the four-level energy heterogeneous WSN model on the basis of EDEEC protocol, proposed BEENISH protocol, compared with DEEC and EDEEC protocols has a significant improvement in the life of the network. In [6, 7, 8] , the life of the network is extended at different levels, but the choice of cluster head only considers the residual energy. In [9] ,it proposed an improved BEENISH protocol(EBEENISH).The protocol dynamically changes the selection criteria of the cluster head. However, the BEENISH protocol is still flawed when the energy of the four nodes is equal. On the basis of the literature [9] , it proposed the MBDEEHP protocol. In [10] ,which introduces the ETSEP protocol [11] for the choice of cluster heads for the four nodes, and then balance the energy consumption of the nodes. What is more, the literature [12, 13, 14] also made improvements to BEENISH. However, the above protocols ignore the node density and the distance between the node and the BS on the network, and the CHs uses single hop to communicate with the BS which will increase the load of the remote CHs.
In this paper, according to the existing shortcomings of the above clustering routing protocols, it designed an improve the clustering routing protocol (EDICP) based on energy and density by BEENISH protocol CH selection mechanism. Firstly, the optimal CHs number is deduced according to the network energy consumption model, and the existing node density factor is modified. Then, the CH is selected according to the improved threshold formula. In the data transmission phase, the single-hop is used to transmit the data in the intra-culster. The CHs communicates with the BS using a single-hop and a hybrid way through a relay node. The simulation results show that the EDICP protocol reduces the energy consumption of the network and prolongs the network lifetime.
System Model Energy Heterogeneous Network Model
The improved protocol uses the similar four-level energy heterogeneous WSN network model with BEENISH protocol. The following assumptions are made for this model:
1. The node has a sensing position and a residual energy, and the wireless transmit power is controllable.
2. Node after the deployment of static, and have their own unique ID.
3. The BS is located in the middle of the monitoring area, the energy is not limited, and the wireless transmission range can cover the entire network.
4. The radio channel is a symmetric channel.
Energy Model
The model takes into account nodes of four different initial energy of normal nodes, advanced nodes, super nodes and ultra-super nodes. Ultra-super nodes have the highest level, super nodes, and advance nodes have higher energy than ordinary nodes. N is the total number of nodes, E 0 is the initial energy of the normal node, u is the multiple of the ultra-super node than the initial energy of the normal node, the initial energy of each ultra-super node is E 0 (1+u),m is the percentage of ultra-super nodes and the number of ultra-super nodes is N·m·m 0 ·m 1 . b is the multiple of the super node than the initial energy of the normal node, the initial energy of each super node E 0 (1+s), m 0 is the percentage of super node N·m·m 0 ·(1-m 1 ).a is a multiple of the advanced node than initial energy of the normal node, the initial energy of each advanced node is E 0 (1+a), m is the advanced node N·m·(1-m 0 ). the number of remaining common nodes is N· (1-m) . Therefore, the total initial energy of the network is: 
Where E elec represents the energy consumed to transmit or receive lbit data, n represents the path loss component, ε amp denotes a magnification factor. If d is less than the threshold d 0 , then use the free space channel model, take n=2,ε amp =ε fs .If d is greater than the threshold d 0 , then multipath fading channel model, take n=4,ε amp =ε mp . The specific calculations are as follows:
Where ε mp and ε fs respectively represent the amplification factors of the amplifier in the multipath fading model and the free space channel model, respectively. d 0 is calculated as follows:
The radio receiver receives l bit data required for energy consumption:
The EDICP Protocol EDICP protocol also uses the "Round" thinking, each round is divided into cluster establishment and data transmission stable two stages. In the establishment phase of the cluster, the cluster head is selected according to the residual energy and density of the node and the distance to the base station, and then the cluster domain is constructed. In the data transmission phase, the nodes in the cluster use the single-hop way to transmit the data to the CH. The CH integrates the received data, and transmits the data to the BS by single hop or through the relay node.
Optimal Number of Cluster Heads
It has been shown that the total energy consumed by WSN will increase exponentially if the number of clusters is greater than or less than the optimal number of clusters, if the cluster number is not constructed with the optimal number of CHs [15] . In [16] , we can see that the optimal number of cluster heads is calculated as follows:
Where, n denotes the path loss index, N denotes the total number of nodes, A denotes the area of the monitoring area, d toBS denotes the average distance from the cluster head to the base station. From the hypothesis (3) we can see that the BS is located in the center of the square monitoring area as shown in Figure 1 , the origin of the coordinate system is in the center of the monitoring area. 
The Eq. (7) into Eq. (6), because E elec is very small, in the optimal calculation can be ignored, you can get k opt approximation: 
The Eq. (9) into Eq.(6),because E elec is very small, in the optimal calculation can be ignored, you can get k opt approximation: 
Node Density Factor
In this paper, it modified the node density factor of the literature [17] and then redefine the node density factor by the r-th round node in the network, the average density of the current network ,and the number of optimal neighbor nodes. Assume that N sensor nodes are randomly and uniformly deployed within the M×M monitoring area, the node cluster probability is p opt , then there will be N×p opt clusters in the network. The average area of each cluster is (M×M)/(N×p opt ), each cluster approximates as a circle, then the desired cluster head node radius R c as: (14) Where N alive (i) represents the number of neighbor nodes that the r-th round node i survives. From the Eq. (14) , when the difference between the number of neighbor nodes of node i and the number of neighbor nodes is positive, the density factor is greater than 1, and the node is in high density region. When the number of neighbor nodes of node i and the network optimal neighbor node is negative, the density factor is less than 1, and the node is in low density area.
Cluster Head Selection
The probability of four different types of nodes becoming cluster heads is: 
Where s n , s a ,s s and s u respectively represent normal node, advanced node, super node, and ultra-super node, p opt represents the CHs ratio of the network preset, E i (r) represents the residual energy at the r-th round node i. E avg (r) represents the average residual energy of the r-th round network
In order to reduce the communication cost of the nodes within the cluster, the nodes with high energy near the BS have a greater probability of becoming a CH. Thus, the CHs selection threshold for the BEENISH protocol is improved. The improved threshold T(s i ) is calculated as follows:
Since the energy is a very important factor in the CH selection, the density factor and the distance factor of the node are c 1 and c 2 weighted respectively,0≤c 1 ,c 2 ≤ 1, and c 1 +c 2 =1, the weights c 1 and c 2 according to the size of the network and the scene changes. Where, E(i) represents the residual energy of node i,E avg (r) represents the average residual energy of the current network, d((i,BS) represents the distance from node i to BS, and d max represents the maximum distance from node to BS. In the improved threshold T(s i ), the ratio E i (r)/E avg (r) of the node residual and the average residual energy of the network is introduced to ensure that the node with more residual energy is the CH. The node density factor D(i) is introduced to increase the probability of CHs, and the energy consumption of the cluster is reduced. The energy consumption of the cluster is reduced and the energy consumption of the node is balanced. The ratio (1-d( i , BS )/d max ) from the node to the BS to the farthest distance between the node and the BS is introduced to ensure that the node near the base station has a greater probability of becoming a CH, reducing the transmission energy of the node. In order to make the calculated average residual energy more accurate, the average residual energy of the network predicted in the BEENISH protocol is modified, and the average residual energy of the network of the r-th round node is calculated by Eq. (17) .
The Formation of Clusters
At the stage of cluster formation, when the node is elected to the CH, each cluster head broadcasts the Head-Msg message to the network to inform the non-CHs node, where the Head-Msg message consists of ID number, residual energy and cluster head to base station the distance and so on. The non-CH node chooses the Join-Msg message to notify the corresponding cluster head based on the strength of the received signal, and selects the cluster head. Each cluster head then creates a TDMA slot table for the member node and broadcasts the Schedule-Msg message containing the slot table to the member node. After the cluster, the node closes its radio into the dormant state to reduce the energy consumption of the node until it enters the data transmission phase.
Data Transmission Phase
After the cluster domain is formed, the member nodes collect data in their own time slots and transmit them to the corresponding cluster head. The CHs receives the data sent by the member nodes, performs the fusion processing, and then adopts the single hop and through the relay node communicates with the BS. In order to further balance the energy consumption of the network and reduce the load of the cluster head, the idea of using the similar literature [18] is introduced as the distance threshold R. If the distance between the cluster head and the base station is less than R, the cluster head sends the data directly to the base station. Otherwise, select a CH with high residual energy as the relay node in R and forward the data to the base station. Where the choice of R is based on the geometric knowledge in literature [18, 19] .
Simulation and Analysis
In order to verify the validity of EDICP protocol, the protocol is simulated by OMNet++4.6 network simulation software, and compared with BEENISH and MBDEEHP protocols. The corresponding data file is obtained and imported into Matlab2014 simulation software for data analysis. The simulation scenario is the same as BEENISH: Assume that 100 sensor nodes are randomly deployed in the 100m×100m monitoring area, and the base station is at (50m,50m).So the monitoring area of any node to the BS of the distance is less than or equal to 70m,by the parameters set in Table 1 and Eq. (4) In the evaluation of the performance of the EDICP protocol, we first analyze the influence of the value of the weight parameter (c 1 ,c 2 ) on the lifetime of the network node in the CHs selection. Where FND(First Node Dead) represents the number of rounds of the first node's death. TND (Ten percent Node Dead) represents the number of rounds of 10% of the nodes. LND(Last Node Dead) indicates the number of rounds of the last node's death. The data of Table 2 are obtained by simulation with different values. From the data in Table 2 , the death time of the first node is almost the same. When (c 1 ,c 2 ) is taken (0.4,0.6),the death time of the last node is the longest, indicating that the lifetime of the node is the most long. Figure 2 shows the cluster map of a round of EDICP protocol. It can be seen from the figure that the cluster distribution of EDICP protocol is relatively uniform and the number of CHs is more reasonable. This is mainly due to the choice of EDICP protocol CHs to consider the optimal number of clusters and the node density factor. Figure 3 shows the relationship between the number of surviving nodes and the number of simulated rotations. It can be seen from the figure that the number of rounds of the first node of the EDICP protocol is earlier than that of the BEENISH and MBDEEHP protocols. At the end of the network, the death time of the last node of the EDICP protocol has been significantly improved compared with the BEENISH and MBDEEHP protocols. This indicates that the EDICP protocol has a longer life than the BEENISH and MBDEEHP protocols. Figure 4 shows the three kinds of protocol. Each round of data received and the relationship between the number of simulation chart. It can be seen from the figure that with the operation of the network, each round of EDICP protocol's receiving data changes in the trend is relatively stable, and the change is much smaller than the BEENISH and MBDEEHP protocols, which shows that the data received by the EDICP protocol is relatively stable. At the beginning of the network operation, each of the EDICP protocol's receiving data is relatively small, but MBDEEHP protocol to run to about 800 rounds, BEENISH and MBDEEHP protocols can not receive data when BEENISH protocol running to about 600 rounds. The EDICP protocol can receive data until nearly 1300 rounds, which indicates that the stronger EDICP protocol monitoring capacity, the more comprehensive data collection. (1) we can see that the total initial energy of the network is 92J.Since the three protocols adopt the same energy configuration and the number of nodes, the EDICP protocol has the same residual energy as the BEENISH and MBDEEHP protocols at the beginning of the network operation. However, the residual energy of the EDICP protocol is significantly higher than that of the BEENISH and MBDEEHP protocols because of the increasing number of network turns, which indicates that the EDICP protocol improves the energy efficiency of the nodes and reduces the network energy consumption. 
Conclusion
In this paper, we propose an improved clustering routing protocol for four-level energy heterogeneous WSN. Firstly, the optimal cluster head number is deduced according to the network energy consumption model, and the existing node density factor is modified. Then, the improved threshold is used to select the cluster head which reduces the communication cost of the nodes in the cluster. The cluster head communicates with the base station by single hop and relay nodes to reduce the energy consumption of the CHs which are far away from the BS. The simulation results show that EDICP protocol reduces the energy consumption of the network and prolongs the life of the network compared with BEENISH and MBDEEHP. As the improvement agreement focuses on reducing network energy consumption and extending network life, we have not studied the parameters of the protocol, the delay of receiving data or the packet loss rate. We will focus on the further research on these aspects.
